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A COMPLETE TANK TEST OF A MODEL OF A FLYING-BOAT 
HULL - N.A.C.A. MODEL 16 
By James M, Shoemaker 
SUMMARY 
A mo d el of a 2-step flying-boat hull, of the type g en-
era ll y u sed in England, was tested according to the com-
p l e te method described in N.A.C.A. Technical Note No. 46 4. 
The lines of this mO'del were taken from offsets given by 
Mr. William M'Lmro in Flight, May 29, 1931. The data cover 
the r an g e of loads, s~ eeds, and trim an gles that may be of 
use i n applying t h e hull f orm to the design of any sea-
pl an e. The results are reduced to non dimensional form to 
ai d a pp lication to design pr oblems and facilitate comp ari-
son with t h e p erformance of other hulls. 
The water characteristics of Model 16 are compared 
with those of Model ll-~, whi ch is representative of cur-
ren t American p ractice. The results show that when the 
two forms are a.pplied to a given seaplane design under op-
timum conditio n s for each, the performance of Model 16 
will be s omew~at inferior to that of Model ll-A. 
INTRODUCTION 
The development of flying bo a ts since the World War 
has be en rap id and -\videspread. Partly because of their 
mi li t a r y a pplication, exchange of technical information on 
hull f orms has been somewhat restricted. As a result, the 
de signers of the v a rious nations h a ve pursued policies of 
indep end ent development that have g iven riso to striking 
di ff erences in the lines of flyin g- b o a, t hulls. Although it 
is p rob a bl e that the water performall ce o f g ood exampl e s of 
the v a rious typ e s will show little d i f ference, direct com-
par is ons are not p o s sible at p reso n t because of the scar-
ci ty of p ublished tost rosults. Comparison of such re-
sul t s as h a vo been published is uns a t i sfac t ory, moreover, 
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because the tests have ',u'Lally been made by the hydrovane 
method. The C!.iffic11.l ty of apply.i.ug such test data to a 
general study of !lull forUls, and the advantages of the 
complete ' ~~thoci o'f testi~'g, ~re pointed out iii " ref~rence 1. 
As a resnlt of ' th~sc con~i~e~aiions; ~he N . A.C.A. has 
un d ert aken tote st hull s of ~he "va.r i OllS typo s, so that fu-
ture development may ~o cciricentrabod ' on ', bhe f orms showing 
g reatest promise. Unfortunately, authentic linos of good 
hulls a re still difficult to ob~ain, and any attempt to 
ap-p roxhla te the form of a given ' hull from such information 
as is published may result in a model which is not a fair 
rep resen tativ ~ of ~he type. ~t is to be hope d, that hull 
li r.a s ::1.l1 rl' test "data will bs " eicnanged' thore freely ', in ' the 
f u ture, ,to t~ j. e ,be~Gfit of a~l ' concerne'd~" ' 
Tho lines of Model 16 ' ~ore ' f~i~bd ~from offsets givbn 
in referen ce 2. -Tlle 'hull r~ , -believed to DO rep 'f~se£tativc 
of current Britis4 ~r acti6o. '" Tho tests ' were made in ' tho ' 
N.A.C.A. t a~k in Deco mo er 1932, and Jal1uary 1933. :,;' 
, " .. J 
, " 
APPARATUS lllm ' PROCEDURE ' :: .L· : 
" T~e ' equ i ~')nent of t h e N.A;C.A. ' tank ' is described in de-
tail in re f yr~ ~ c~ ' 3. Th e purpose '"and technic of the com-
plete :net l: od " ',ls ed' iri .. testing Heidel i6 a,re given in refer":' 
encc l~ Brie f ly, t h is method consists of determining tho 
rcsist Qn co, t r i mming moment, &~d draft of the model at all 
co mbin a tio n s of t :,10 ind e p 'ondent variables - speed, load, 
an d trim an. Gle that lie in the useful range for the model 
und et:' test ,. Th e resu lts can be ap p lied to any seaplane 
design ~ith assuran b~ that th~ ' hrill will operate ' uftder 
conC1itiollS s iving t h e b(3st '!J orformanco', p ossi'blo for the 
partic1.?-lar form' chaRon. ' - " \ - , 
, Descri p tion of Mo d ~l ~ ' 
, The 1 ine 's : c'f }~odel " 16 ' were ', 0 b-t a i.ri.ed by r ef,a,-i:r-in'g the ; 
off 'sets presented' by:-' lvir . .. William"i,,,unro 1.n reference 2'~ , ,;. 
O f f~ets taken ' fro~ those ref~ired line s are g ivon in table 
I, ani a <'ir a ,'lL1,,,; 6'-£ the ~9 rincip al linos in figuro 1~ :, ,Th'o 
gen 'cr'al f orm is t ha:t in cOllmon uso in England for largo ' 
flyin g-bo a t h u lls. It di ff ers f rom t h e form ~ enerally used 
r 
, 
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in this country in that the f oreb ody is r el ativ el y shorter, 
putting the st ep more nearly unde r t h e center of buoyancy; 
tho longer afterbody terminatos in a transverse second step 
rather than in the vertica l sternpost or pointed step usual 
in Awerican designs . Th e wate r li nes at t h e b ow are a.lso 
somewhat finer and the fo refo ot de epe r t han is u sual i n 
American practice . 
The mod el was made of wo od , painted an d rub bod to 
give a smooth surface . Its p rincipal d imonsi ons are: 
Le ngth, ov e r_ a ll , 1 00.0 in. 
Max imum beam, 1 5 . 08 " 
Beam at main step, 1 5 . 42 II 
Depth. 1 '- . 32 
" 
Length of fo rebo dy , 37 0 61 " 
Length of af te r b o dy . 3 9 . 50 
" 
Depth of main step , . 85 
" 
Depth of second. st ep, 1.07 " 
The model wa s mad e t o a t al eran co of ±O ~02 inch . 
RESULTS 
Experim§.lltal ~§.ta .- The tri mmi ng moment and d r aft of 
the mod el at rest a re g iven in figures 2 and 3 for vari-
ous loads and trim angles e A p ositi ve moment is one that 
tends t o increase the t rim angle, t ha t is , r a ise the b ow. 
These curves may b e used t o d etermi n e the wat er li n e at 
rest for any load and location of the cuntor of ~rav i ty . 
The moment curve ~ a re als o u sefu l a s a measu re 0: the lon-
gitudinal stability of th e hu ll at re st ~ 
Table II pres ents the results of t h e t owin g- test 
measuremen ts on the mo d. el~ T ~l e se data c an be ap ~') lied to 
any size of full-scal e hull by t ~ e co nver s i on factors 
imp lied in F r oude 's l ~w , as exp l ai~ec in ~eference 3 . 
essential d a ta ar e presen ted graphically i n f i gu.res 4 
The 
to 8. 
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These figures are curves of model resistance and trimming 
,' mo~ent pl~tted , against speed, wit h load on the water as a 
parameter. Each cu~~~ sheet g ives t h e characteristics for 
'one trim an g lo. The ' RQnte r ab out wh ich the mo m~nts fi,re 
'taken i~ shown on th6 , ' l~ne dr awing (fig. 1). The trim an-
gl e s are measurod bQ two 6.:0. t ho h ori z on t a l and tho 'b ase I ino 
of the model. 
;Erecision..- The pr ecision attained in t~lese tests is 
approximately as follows: 
Loa.d, ± Ofl3 lb. 
Res i stan c e • ± .1 l b . 
Trimming mo n ent, ±1.0 lb.-ft . 
, 
Trim a n g l e , :!: .1 0 
Speed, ± '.1 f . p .s. 
Da-..t.9. __ ?-Lbest .-lr5m_illlgJ,es .• - Th e d if f iculties caused by 
the l ar~e number of variables, when the data a re used f or 
take-off calcul a tions , ar e p oint ed out in reference 1. 
Th e method outlined in that report for eliminating the 
trim angle as a variable h as been f ollowed h ere. It con-
sists of cross-fairing t h e resistance a gainst trim a.ngle 
to de~ermi n e the mi~imUm resist ance and the best trim an-
gle , i.e., the angle at which the res i stance is min i mum, 
for each speed and load o The nondimonsional coefficients 
used in tho pr o sontat io n of tho characteristics at tho b est 
trim anglo are defined as follows: 
Lo ad coeffi cien t, CD, = 
Resist ance coeff icient, 
Speed coeff icien t, v = _._-_ .... Jgb 
where is the load on the water , l b . 
R , res i stan ceo f mod e 1, lb. 
I 
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v , sp e ed, f . P • s • 
w, wei ght dens i ty of water, lb./cu .ft. 
b , b e am ; ft . 
g, " acceleration of gravity, f t./ s e~. 2 
The cu rves of OR at the best trim angl e TO' 
plotted against 0v with OL a s a parameter, are. given 
in figure 9 . The s ame dat a a re p rosented i n figure 10 as 
curves of OR agai~st Ot wi t h 0i as a parameter . The 
first mc thod of plotti ~ g the data g iv es a "cloarer concept 
o f the behavi or of the hull, but tho sec ond is so mowhat" 
easior to us e in t h e take-o ff c a lculation . The best trim 
angle To "' is p lo tted against 0v with Of:. as a. parame-
ter in figur e 110 The dotted li n e in this f i gure is t~e 
meah value of To to be used in the f irst appr oximation 
of the take-o ff c a l culati on , a s was explained in reier-
on ce 1 . 
~est resu l ts .- The curves of resista~ce and moment at 
const~;";tl:"~a:-d-p1~-tted against sp eed ( fig s. ·1,;... 8) , show ti.le 
usual trends p ointed out i n reference" 1. The ris e in re-
sistance in the hig~- sp eed r ange is rather mar ked for this 
mod.el , pro"oably be c a.us e the large a re n. of the a.i't.orboc3 .. .f 
causes exc e ssi ve frictional resistance wh en sp r ay from 
the main stop strikes it . Th o momonts at high speeds and 
high trim angles , which mi ght be e xp ected t o be seriously 
nose-heavy because of t h e large seco nd.. ste:p , are :"n real-
i ty of the same order as t h o se f or hul l s of tho Al.!lSrican 
typ e. No diff i cuJ,t y i n pulling the soO-p lane up to a roa-
sonabld angle fo r take-o ff is i nd icated o 
:A-..J2.P 1.. i ~~!.i 0 IL..QL¢!." 0. t.9:_ at "" be" s t_"" _t.r i 1,1. .. _Q:p. gl"f>~ 0 - Tn e a:f):p 1 i c a-
tion of the data f or the best trim ail~l fs (f igs 9-11) to 
a take-off p roblem i s explained in deta i l in roference 1. 
lilodel 16 may require sp eci a l trc IC.t n.ent c:.t vory low spoeds 
because of the rathe r h i gh vC'luo of tho "best trim anglo at 
speeds bel ow the hump. Tho p ositive (tai 1- __ eavy ) moments 
which Vl'ould hcwo "to "bo a"pv lied to roach " t:1Q b est t;l.ngl o 
:wou.ld not no r mu11;sr "bc " 3.v~:iia':b lo "a ' " This ' cQndition ' is , aggra-
vated "by the " fact t:i.l"6.t t Lebost t~n e: lo at :tho hump is,about 
7 0 • Tho "momon"t ho re :i:s "'p 'os'itivc (soo f i "g. "S)"; ·" h91l·cO a., "  
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rather large nose-heavy moment must be appliod to attain 
the bost angle. The procedure suggostdd is to locate the 
center of gre.vi ty so tho.t the best trim at the hump can bo 
maintained, B,nd lo:t the ang le at low speeds de.viate from 
the bost value by the necessary amount. The resulting 
take-off performanco will be only s~ightly worse than that 
which would obtain, if the best angles were held throughout, 
because the resis·tan.ceat lew speeds does not .change seri-
ously with changes in trim , and the large amount of excess 
thrust in thip regibn is reduced by a ' relatively small pro-
portion • 
..Q..Q_!!rQ.ari son wi tho M9,deLJ.J. -A.- It has been pointed out 
that data from comp lete tests offer a better basis of com-
parison between hulls of various forms than bas been pre-
viously available. N.A.C .A. Model ll-A (reference 4) is a 
good exam~le of ~urrent practice in this country; conse-
quently, a comparison between it a nd Hodel 16 will give an 
indication cif the relative advantages of the two types. 
As yet, .no method of obtaining a figure of merit f er a given 
hull has been found, because of the g reat number of varia-
bles involved in the application to a seap la.ne desig n. 
Curves of ~/R against load coefficient at typical values 
of speed coefficient, however , give a reasonably good com-
parison . Such curves a re s h own in fi gure 12 for Models 1 6 
and ll-A. The value of 6/R for Model Il-A lies above 
that for ' ~odel 1 6 at nearly every point, ' showing that a 
hull of the form of ll-A when app lied to a g iven seap lane 
would give a sh~rter take-of f t h an one using the lines of 
Model 16. Q,uantitative comparison of t h e p erformance. of 
the two hull s, however, can only be made by carrying' 
through a t -ake-o ff calculatio n , becal.1.88 the best size of 
hull, and consequently the values of Cy and C6 · :at a 
given speed and load, wil l be different in the two cases. 
The curves show that the va~ue of ~/R for~o~el 1 6 ~s low 
at high speeds and light loads, but that C6 ·'.at .the hump 
can be made high without serious reduction in ~ /R . A hull 
using these lines should t h erefore be relatively s mall to 
give the best compromise. Fro m these considerations t h e 
value of Ct. , based on the load a.t the hump speed, should 
probably be about 0 .5 for the first trial. 
Gen~al be~avior.- The spray formation of Model 16 is 
shown in the photographs (fi ~ . 13) for several typ ic ~l con-
ditions. At low speeds and 10.w a n gles, with heavy loads, 
.. the ·b .ow is rather lia,i'rty, \I a s i .s s h own in t he bow phot;o-
. o ' '. . - . gr.aph for T = 3 .. and Y = 5 .7 f . p . So . At. planll1g . sp A ed~ . 
the spray is light and stays l'easonably low, because of 'the 
N.A . C.A. Tech~ical Note No. 471 7 
arched. sections of the f orebo cty . jj"urther improvement could 
no d.oubt be o btained by means o f sp ray strips. The photo-
graphs for T = 50 and V = <!~9 . 2 f.::9.s. show the blister 
a.rising fr om the main stop and striking the afterb ody, 
wh:"ch Ci1.UHeS the pronounc ed incre as e of :::'osistc'unce with 
s:geed ir+ the hi g~- 8peed rango . ' :.: 
Although no rough-water tosts were made ~o dotormine 
the seaworthiness of t hi B mode l, the photographs of fig' l1'e 
13 j.ndicate that th e seaworthiness wil l probably be Satis-
factory except at taxy ing speeds, where the heavy bow wave 
',may result in a wet boa.t . This condition will be m9.de 
somewhat worso if the high beam l 0.:.'.dinf; and f~rward loca-
tion of the center of ~ravity , w~ich have beon mentioned 
as necessary to -besJc take-off pe r f ormance , a:::-e. adopted. 
The pr oblem of predi cting porpoising characteristics 
froo towing experi e cnts has ~ o t been satisfactorily solved. 
Tests by the comp lete method, run ,c,t fixed-trim .<tnbles as 
they are in t h e N.A .C. A. ton k , do n ot ~ive any indication 
of the tend.ency to p o r p oise unless it i3 sux:ic.iently vio-
lent to cause the model to oscillate a.gainst the restraint 
of the momont spring. No such tendency was observed for 
Model 16. A theoretical discussion of tho subject of p or-
poising is Given in roforenco 5 . The 8.uthors p oint out 
" tliat tarring , tosts for the dete ction of p orp oising m~~r b~ 
,dofinitely misleading unless the mass , the moment of inertia, 
anel tilo aerodyna.mic sur:t'aces are faithful'l y ),"oprqduced in 
tho model . The exp ~rimental dif f icultios of suc~ p roceduro 
ato grbat , and obVioU~ly a ro quito insurmou~tablo whc~ the 
mod, eli sin ton d od for g O 11 e r 0,1 -ap :9 1 ~ cat i 011 to , an y soap I an e 
design. It is hopod that further r ork will load to satis-
,factbry critorions defining tho conditions under which p or-
poisine may exist so that the measurements may "00 made on 
the model to g ivo tho des i gnor tho ' data nocQssary . to avoid 
such conditions . 
CONCLUSIONS 
The following cO l: clusio~s may be d rn. ~n from a cO "lpari-
son of the rosults of iledcl 16 wit h tho s c of Me~el II-A, 
g iven in reference 4. However , it should be borno in mind 
tha t, a.lthoue;h the modals c.re :p. :::·ob.::~bly rep:!"oDontn.tiYc of 
the rospectivo tzrpcs as ~'·enerl..tll ;y' aPl')l iod, betto:::- examp les 
of 0i thor typo m'LY oxi st. 
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When the two form s a re a-nu lied to a gi von .seap lan e de-
si gn under optimum cond i t·ions·· f or each : 
1. The hull of th e f orm of !dod.el 16 wi ll have 
higher resistance throu.~hout the s p eed r a.n g o. 
2 . Horo d ifficul'ty will be iound in ho lding 
tho hull of tho f orm of Mod el 1 6 at the bes t trim an-
gle. 
3 . The spray thr own whi le taxying at low s p eeds 
wi ll be gr eater f or Model 1 6 . 
Langley Memorial Aeron auti c a l Lab oratory, 
National Advisory ~o mmit tee for Aeron~ltics , 
. Lang ley ]' ield, Va,., August 10, 1 933 . 
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Distance] 
Station from Keel bow 0.00 
0 0 9.64 
I 
1 2.22 2.94 
2 4. 44 1.53 
it 
6. 66 1.08 
10.00 
·79 
~ 13·33 .61 15.67 
·a
o 
7 20.0n . 1 8 23.33 .33 
9 25.67 
I 
.26 
10 30.00 .18 
11 33. g3 I .10 12 for'd 37. 1 I 0 I 12 aft 27•61 I .85 
iit 
2.22 11. 25 
46.66 1.69 
i~ 50.00 2.05 5~:gt . 2.44 17 2.83 
18 ~0.00 3. 23 19 ~~:gt ' 3.60 20 4. 95 21 70.00 .2~ 22 73.33 4.5 23 for'd 77·11 14:~4 23 aft 77·11 24 80.00 ~. 73 
25 86.67 fL56 26 93·33 10·39 · 27 100.00 12.22 
I 
TABLE I 
OFFSETS OF N.A. C.A. MODEL 16 
( Inches) 
I' Heights above base line ': Half-breadths 
B1 I B2 B3 B4 Chine Deck Chine .'ILl VlL2 1VL3 WL4 WL5 11.65 3.30 4. 95 6.60 ~· 50 3.00 4.50 6.00 7·50 
9.64 1.11 1.11 
Had. Had. 6.49 8.37 12.07 2.~3 0.02 0. 66 1.39 2.28 4.05 6.03 ~.12 12.67 4. 9 · 93 2.00 3·27 2. 89 4. 50 
a · 78 .17 13.02 5.60 0·37 1.76 3·30 5.30 2.10 3. 2S ' · 37 a· 1O a· 13 13.28 5.6S .M 2. 89 5.19 1.67 2.63 3· 51 .22 .49 13.32 7·31 1.38 it· 98 1.42 2.25 3.02 3.69 4.00 7. 57 1.80 . 88 1.25 2.02 2.73 3·35 3.68 7. 86 2.15 5· 64 
1. lit 1.87 2·53 3.11 3.41 7.9it 2.43 6.27 1.0 lop 2.37 2.91 3·22 7·9 2.71 6.91 
. 94 1. 2 2.24 2·77 3.09 7.89 2.9~ 7·50 
.84 1.51 2.11 2.63 2·93 7.51 3.28 
·71 1.38 1.9$ 2·50 2.77 7·71 3.63 
3.58 7·50 
it· 82 ~.04 
.09 
·58 lDistance from 4.31 6.19 2Dietance from base line 
center line (plane of 4.55 5.79 to water line (section of 
sywaetry) to buttock 4.78 
a:§4 hull surface made by a hori-(secti on of hull surface 5.03 zontal plane narallel to Made by plane parallel 5. 25 4.54 base line). -to plane of symmetry). 5. 44 4.13 
I 
5.6 I 3'45 5.80 3. 1 
5.9*1 3.07 7.0 3.07 
7.76 2.82 I 9.36 2.21 I 
1 10·91 1.42 
1 12.38 13.32 .44 
Deck 
radiuB 
2'43 4. 9 
5.60 
5.47 
6.67 
6.67 
6.67 
6.67 
6.67 
6.67 
6.67 
6.67 
6.67 
6.67 
6.50 
6.19 
5·79 
t§4 
4.54 
4.1~ 
3'4 3. 1 
3·07 
3.07 
2.82 
2.21 
1.42 
.44 
Sta. 
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2 
it 
~ 
7 8 
9 
10 
11 
2 forle 
~2 aft 
iit 
i~ 
17 
19 
19 
20 
21 
22 
23 for'd 
~3 aft 
24 
25 
25 
27 
~ 
:.-
o 
!I> 
>-3 
<» 
o g 
..... 
o 
~ 
~ 
o 
rl 
<» 
~ 
o 
II'> 
-'I 
I-' 
>-3 
~ 
I-' 
CD 
I-' 
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Load 
lb. 
80 
70 
60 
50 
40 
30 
20 
10 
5 
80 
70 
TABLE II 
Test Data for N.A.C.A. Model No. 16 Flying-Boat Hull 
2 
Kinematio visoosity - 0.000015 ft. 
. seo. 
Water temperature; 480 F. 
. . . Tank water density, 63 6 Ib per ou ft . 
Trim angle, T 
_ 30 Trim angle, T 
-
50 
Speed Resistanoe Trimming Draft Load Speed Resistanoe Trimming 
f.p.s. lb. moment at lb. f.p.s. lb. moment 
lb.-ft. step lb.-ft. 
in. 
5.7 4.0 -7.7 5.7 60 6.0 2.9 -24.0 
7.2 8.9 13.5 6.1 7.6 6.2 - 5.7 
8.9 7.1 3.2 
6.7 3.4 -6.0 5.4 10.7 8.2 8.4 
7.2 7.6 12.6 5.65 12.0 9.1 18.a 
13.6 11 .0 30.2 
5.7 2.9 -4.3 5.0 
7.2 6.S 14.2 5.25 50 5.9 2.6 -20.6 
24.5 12.5 - 3.0 7.6 5.3 - 5.7 
8.9 6.5 0.5 
6.7 2.5 -2.4 4.7 10.8 6.7 8.4 
7.2 5.3 13.5 4.85 12.2 7.7 16.3 
24.6 10.0 51.9 2.5 13.6 8.6 28.5 
29.1 10.9 34.3 2.1 15.8 10.3 53.0 
16.6 9.8 56.5 
23.9 8.2 31.7 2.3 17.0 9.6 56.5 
29.2 8.5 24.8 1.9 19.0 9.6 48.6 
34.5 10.4 19.6 1.8 21.8 9.3 35.5 
22.0 9.4 32.9 
23.7 6.3 19.5 2.0 24.4 9.0 27.5 
28.9 7.1 15.1 1.8 24.6 9.1 26.7 
34.2 7.7 13.6 1.5 29.3 9.7 20.6 
38.6 8.2 11.7 1.35 
40 13.8 6.8 28.5 
24.3 4.7 10.7 1.7 15.6 7.9 41.5 
28.8 4.9 8.1 1.45 15.6 7.8 41.5 
34.2 6.2 7.3 1.35 17.0 7.5 37.3 
38.0 6.6 6.4 1.2 19.2 7.4 27.6 
40.0 7.0 7.3 1.1 20.0 7.3 25.8 
43.4 8.0 6.4 1.05 21.9 6.9 20.5 
22.0 7.1 22.4 
28.8 3.5 3.8 1.3 24.0 7.6 19.7 
34.4- 4.5 3.8 1.25 24.8 7.5 19.5 
38.8 5.8 2.9 .9 29.6 8.3 15.4 
43.3 6.9 3 .8 .85 35.0 9.0 13.5 
48.5 8.6 3.8 1.0 
30 22.0 6.7 14.5 
29.3 3.1 1.2 1.0 24.2 6.0 12.6 
34.3 4.a 2.9 .8 29.5 6.7 10.1 
39.7 5.4 2.0 .75 34.7 7.5 10.1 
43.9 5.5 1.1 .75 38.1 8.2 8.3 
48.5 5.8 .3 .7 
5° 
20 24.2 4.3 7.4 
Trim angle, T = 29.4 4.8 5.7 
33.6 6.8 5.7 
6.0 3.6 -34.5 5.5 34.5 6.2 7.4 
7.5 7.6 -11.7 5.7 38.5 7.1 4.9 
9,2 10.4 7.5 5.7 43.4 9.2 3.1 
10.6 11.7 11.1 5.5 
12.0 13.6 18 .9 5.5 10 29.2 3.6 2.3 
13.6 16.2 32.9 5.4- 33.5 4.8 2.3 
38.5 6.1 2.3 
6.0 3.3 -29.3 5.2 43.2 8.2 2.3 
7.5 6.9 - 9.3 5.4 49.2 9.5 1.4 
8.7 8.5 5.8 5.4 
10.6 9.7 9.3 5.1 
12.0 11.6 19 .6 5.1 
13.6 13.4 32.0 4.9 
Table 2 
Draft 
at 
step 
in. 
4.8 
5.0 
4.9 
4.7 
4.6 
4.5 
4.4 
4.7 
4.4 
4.2 
4.2 
4.1 
3.8 
3.7 
3.5 
3.2 
2.3 
2.5 
2.2 
2.2 
1.9 
3.5 
3.3 
3.3 
2.9 
2.6 
2.5 
2.2 
2.1 
2.0 
2.0 
1.7 
1.6 
2.0 
1.8 
1.6 
1.3 
1.3 
1.5 
1.3 
1.2 
1.2 
1.1 
1.1 
1.0 
1.0 
,9 
.8 
.8 
• 
I 
N.A.O.A. Teohnioa1 Note No. 471 Table 2 (Oont I d) 
Load 
lb. 
5 
80 
70 
60 
50 
TABLE II (Oontinued) 
Test Data for N.A.O .A. MOdel No. 16 Flying-Boat Hull 
2 
Kinematic viscosity; 0.000015 ~ 
o seo. 
Water temperature: 48 F. 
Tank water density: 63.6 lb. per ou.ft. 
Trim angle, T .. 50 Trim angle, T ... 70 
--
Speed Re s istance Trimming Draft Load Speed Resistanoe Trimming Draft 
f.p.s. lb. moment at lb. f.p.s. lb. moment at 
lb.-ft. step lb.-ft. step 
in. in. 
29.2 3.1 1.3 0.;8 40 12.7 6.6 0.7 3.15 
33.5 4.3 1.4 .7 14.6 7.3 13.0 2.9 
35.5 4.3 2.3 .7 16.0 7.8 20.9 2.6 
38.6 5.8 1.4 .7 17. '1 7.6 20.1 2.3 
40.0 6.5 .5 .8 19.3 7.7 20.1 2.2 
43.8 7.5 .5 .6 22.0 7.4 14.'1 1.9 
48.6 8.4 -.6 .7 24.8 7.9 14.7 1.7 
49.6 8.4 1.4 .7 28.2 7.9 12.2 1.5 
70 
29.4 8.2 11.3 1.5 
Trim angle, T ; 33.9 9.7 10.3 1.25 
34.0 10.5 10.3 1.3 
6.2 3.6 
-
5.2 
8.0 7.1 -35.9 5.35 30 21.9 6.0 10.3 1.75 
9.5 9.4 -22.1 5.05 24.2 6.25 9.4 1.55 
11.0 11.2 -15 .0 5.0 28.0 7.0 7.7 1.4 
12.0 11.6 - 6.4 5.0 29.4 7.6 7.7 1.4 
13.9 13.9 15.5 4.8 34.0 8.9 6.0 1.15 39.0 10.88 4.3 1.0 
6.2 3.4 - 4.9 
8.0 6.3 -34.4 4.9 20 24.6 4.9 5.2 1.3 
9.6 8.4 -18.6 4.7 29.7 6.4 3.4 1.1 
11.0 9.3 -14.3 4.65 34.0 8.1 3.4 .9 
12.2 10.1 - 2.7 4.55 39.0 10.0 3.4 .9 
13.7 12.1 18.3 4.4 43.0 12.5 - .3 .9 
14.0 12.0 17.4 4.3 43.4 12.8 2.5 .9 
16.0 14.0 48.7 4.0 
17.5 14.3 - 3.95 10 29.1 5.8 1.4 .9 
19.5 14.3 63.8 3.4 29.2 5.1 .7 .9 30.6 6.1 .7 -
6.3 3.2 -51.7 4.5 34.0 7.2 1.5 .8 
7.9 5.6 -30.6 4.55 39.0 10.1 1.5 .8 
9.3 6.6 -21.2 4.45 42.5 13.0 1.5 .8 
11.0 7.8 -12.5 4.3 
12.2 8.7 - 3.7 4.2 5 29.6 5.2 1.5 .75 
12.6 9.2 . . 7 4.1 30.6 5.8 1.4 .7 
13.7 10.2 18.3 3.9 34.1 6.9 1.5 .7 
16.0 12.3 41.9 3.6 39.4 10.2 2.5 .6 
17.2 12.3 51 . 5 3.4 43.5 12.8 3.4 .7 
19.3 11.9 46.3 3.0 ; 90 22.6 11 . 3 33 .2 2.4 Trim angle, T 
24.7 11.5 26 . 2 2.0 80 11.0 9.9 -38.6 4.45 
6.4 3.0 -40.5 4.0 12.4 11.8 -28.8 4.2 
7.9 4.7 -26.4 4.1 
9.7 5.6 -17.7 4.0 70 10.9 8.6 -37.6 3.95 
10.9 6.5 -12 . 5 3.9 12.5 10.4 -28.0 3.8 
12.4 7.5 .7 3.7 14.3 13.1 - 2.7 3.65 
12.7 8.3 1.5 3.6 16.2 14.2 18.4 3.3 
14.5 8.8 18.3 3.3 17.5 15 .0 19.3 3.1 
16.0 9.'7 27.8 3.3 20.1 14.9 27.2 2.7 
17.6 9.2 34.9 1.9 
19.4 9.6 30.5 2.6 60 10.9 7.4 -35.9 3.55 
22.0 9.4 21.7 2.2 12.3 9.2 -28.0 3.4 
24.7 9.8 19.3 1.9 14.2 11.1 - 2.7 3.2 
28.3 9.5 17.4 1.6 16.1 12.2 7.9 2.8 
28.9 10.5 15.5 1.65 17.1 12.3 10.4 2.7 19.2 13.1 13.2 2.35 
22.0 13.3 16.6 2.1 
25.0 12.9 19.3 1.8 
• N.A.C.A. Technical Note No . 471 Table 
a (Cont'd) 
r 
Load Speed 
lb. f.p .s . 
50 10. 8 
12 .4 
14.4 
16.1 
17 .4 
19. 2 
22. 0 
24. 8 
28 .7 
29. 0 
40 12.6 
14 .5 
16. 2 
18. 0 
19 .4 
22 .0 
24. 4 
28. 8 
29.1 
33 .5 
30 22 .0 
24.7 
29. 0 
33.8 
TABLE II (Oontinued) 
Te s t Data for N.A. C.A. Kadel No. 16 Flying-Boat Hull 2 
Kinemat io viscosity = 0.000015 ft. seo. 
Water temperature: 480 F. 
Tank water densitYI 63.6 lb. per cu . ft . 
Trim angle , T .. 90 
Resistance Trimming Draft Load Speed Resistance Tri= i ng 
lb. moment at lb. i .p . s. lb. moment 
Ib.-ft , step lb.-it. 
In. 
6.5 -35.9 ' 3.0 20 23 . 5 6 . 2 -10 .6 
8.2 -25 .5 2 .95 28.8 8 . 6 - 6 .1 
9 . 2 - 7.0 2.7 29.0 9.3 - 2 . 8 
10 .1 - 3 . 6 2 . 5 
10.3 0.1 2.3 10 28.3 2.2 -27 . 2 
10.6 3 . 5 2 .2 
10.5 10.5 1.9 5 28.5 2.4 -12 . 4 
11.1 14.0 1.7 = 110 12.1 13.2 1.5 Trim angl e, T 
11 . 2 1 3.2 1.5 70 15 . 0 14.2 -19 . 9 
6.9 -22.0 2.4 16.3 14.9 -16 . 4 
7.5 -14.0 2.2 18.0 15.0 -20 . 7 
8 . 0 -10.6 2 .05 20.0 15 .1 -
25 .1 
7. 8 - 8.6 2.0 
8. 3 - 3.6 1.95 60 15.0 12 .1 -27 . 7 
8 . 5 6.2 1.7 16.4 12.5 -25 . 9 
9.1 8 . 8 1.6 18.0 12.6 -28
.5 
11.1 5.3 1. 35 20 . 0 12 . 7 -3
1.2 
10 . 5 7.9 1.3 
13 . 3 3.4 1.25 50 14.9 9.4 -3
3 . 8 
16 . 5 9 .9 -33. 8 
7.0 - 2.7 1.6 18.0 9.5 -36 .6 
7.8 4.4 1.4 20.0 10 . 1 
-38 . 2 
9 .8 1 .6 1. 2 
12 . 5 
-
. 8 1.1 40 14 . 8 6 .9 -40 .8 16 . 4 7 . 5 -40.8 
18 .1 7 .5 -49 .6 
20 . 0 7.8 -51.2 
Draft 
at 
step 
in. 
1.1 
1.1 
1.1 
-
.5 
-
.7 
2.7 
2.4 
2.3 
2.15 
2 . 3 
2.0 
1.95 
1.8 
1.9 
1.7 
1.75 
1.6 
1.5 
1.35 
1.3 
1.1 
" 
L -~ i 1 ___ 2j ~-
2 
,---r--
\~---
37.61" 
Half-breadth 
Center of moments 
9 1 
o 
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~ -r-
2 
15.90" 
t-
100.00" 
Profile 
I-
o 
I 
13.32" 
I 
Body plan 
, 
Base line-~ 
39.50" 
Figure 1.- Lines of N.A.C.A. Model No.lS 
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Fig.B -Model resistance and 
trimming room en t, T=llo 
• 
~ 
:> 
CJ 
:> 
0-3 
ro g. 
::J 
.... 
() 
III 
...... 
z 
o 
..... 
ro 
2! 
o 
~ 
-J 
...... 
':rJ 
...,. 
(](\ 
(J) 
....;j 
(Xl 
• 
• 
I.A.C.A. Teohnioa1 Note No. 471 
'" 
-e 
....... 
!l: 
• 
ex: 
0 
.10 
.08 
.08 
.04 
.02 
o 
.10 
.08 
.06 
.04 
.02 
o 
V 
Parameter - Cv - ~ 
5.0 
5.5 I I 
6.0 I V A I 
6.5 /' l?: V V; 'i 
7.0 /V V V V/. v/ V ./ 
7.5 ,.V V V ~ // v ~ V ) V / V /' v./ V V 1.7 
1/ V V l/ V 1.6 ~ 
./ V /V V 1.4 V 
V / V V 
V 
v 4 •5 
/ 
~ 
/. ~ 
./ V 
v::: V 
V 3.5 
/ 
/. 
/ 
V4.0 
0.1 
2.4 
/L7 
/ 2.2 
/ 1/ V 
/ V /1/ 
/ / 17 V V 
L- / V VI? 
'" v/ 1/ ",V 
V V ~ V 
V 
/" 
V L--::::: ~ 
V V ? 
V vV' v P 
./ 
--V 
............ 
v 
./ 
----
V :...----
i--~ I--
I--- >--
-
3.0/ a.6 
r 
V 
~ 3.5 
W / 
a.6-~ r/ 
~ 1'/ 4.0 
/. ~ V 
~ V 
0.4 0.5 
Figure 10. CR at best trim angle against CA 
rig. 10 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.6 
'"r:t 
...... 
OQ 
~ 
'1 
(1) 
>-' 
..... 
'\ 
t:D 
C1l (J) 
Trim ant)"l e f or minimum resistance, To' degrees 
...... ...... 
a N ~ m ():) a N 
i ii I 
1-'1- ~ 
:: 0 UJ t-+--+--t-1-1TI~tl '1 <: f-<. II 
S 
~~ 
~~~ 
.ro ttl 
0' 
jl) 
01l 
PI 
..... 
::J 
(J) 
r+ 
n 
<: 
~~ I 
'-
8 I 
7 
~ 
...... 
<J 6 
(lJ 
() 
~ 
m 
...... 5 (f) 
. ri 
(j) 
Q) 
H 
o 4 
-+-' / 
/ 
/j 
,rl / 
rQ 
III 
0 
3 ..... 
<t-4 
0 
/1 // it '/ 
0 
..... 
-+-' 2 til 
c.t=. 
1/ 
/ 1 
• 
I I I I 
Model No.IS 
-----
" 
" ll - A 
... 
'r-. , 
-
F-_ 
1- -3.G 1--'--- ...... 1='--- -, 
- -
- -
3.6~ K 'k'--t>< (Hump} ... CV-t'= 2.4 
/-=-~I/ V T(APPX) / Cv = 2. .6 .... __ 
/ V (A pprox.) -l---1/ /6.0 
V 
,1 
/ 
/ V' 
1 
f--
.. 
z 
~ 
o 
>-
1---3 
(l) 
() 
:T 
::1 
.... . 
() 
III 
.... 
z 
o 
.... 
(1) 
Z 
o 
~ 
-J 
..... 
'x"j 
..... 
- OQ 
o 0.1 0.2 0.3 0.4 0.5 0 .6 ~ 
C6 = t./wb3 ;:: 
Figure 12.- t./R at best trim angle against Ce, ~N 
.. 
, N.A.C.A. TeChnical Note No.471 Fig. 13 
.. 
Trim angle 3°. Load 80 lb. Speed 5.7 f.p.s. 
Trim angle ~. Load 70 lb. Speed 17.5 f.p.s. 
Trim angle 5°. Load 10 lb. Speed 49.2 f.p.s. 
Fi gure 13.-Typica.l photogra.phs of Model No.16 under wa:y. 
